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TESTING LFM-BASED STATISTICAL CLOUD PREDICTION EQUATIONS FOR THE COOL SEASON
by

Gary M. Carter and Karl F. Hebenstreit

The Techniques Development Laboratory (TDL) has been providing automated
cloud amount guidance forecasts on teletypewriter for National Weather
Service (NWS) forecasters since December 1974. We use single station
prediction equations based on the Model Output Statistics (MOS) technique
(Klein and Glahn, 1974) to generate probability estimates for categories
of opaque sky cover that correspond roughly to clear, scattered, broken,
and overcast. These four—category probability forecasts also are trans-
formed into a categorical forecast and presented as a "best" category

in the teletype message.

Generally, TDL's objective cloud forecasts compare very favorably with
local forecasts prepared at Weather Service Forecast Offices (see Carter
et al., 1976). However, field forecasters occasionally notice that these
predictions are inconsistent with our objective guidance forecasts of
ceiling height.

In an attempt to improve the consistency between automated cloud and
ceiling forecasts, we conducted a test involving the simultaneous deve-
lopment of prediction equations for these two weather elements. Since
low ceilings occur rather infrequently at some stations (see NWS, 1974a),
we divided our 0000 GMT cycle developmental data from the cool seasons
(October-March) of 1972-1973, 1973-1974, and 1974-1975 into several fore-
cast regions. Generalized operator equations were then derived for each
region by pooling data from all the stations in that region. Fig. 1 shows
the 21 regions we selected. These regions were determined subjectively
from an analysis at 233 stations of the relative frequency of differing
categories of cloud amount and ceiling height when various relative
humidity forecasts from the Limited-area Fine Mesh (LFM) model (Howcroft
and Desmaris, 1971) were above certain critical values. We also con-
sidered topography and climatology wherever possible. Using forecast
fields from the LFM model and 0300 GMT observed weather elements, we

derived separate equations for each forecast region and projections of
12 and 24 hours from 0000 GMT.

By deriving these "early" guidance (LFM-based) cloud and ceiling prediction
equations simultaneously, we were able to insure that all the equations

for any given region and projection used the same 12 predictors. This
increases the likelihood that the forecasts from these equations will be
consistent. However, we questioned if the cloud predictions from the
regionalized equations would be as accurate as those from our traditional
single station equations.



Using basically the same developmental data, we derived another set of
12- and 24-hour cloud equations for the 40 widely distributed test
stations in Fig. 1. Our next step was to comparatively verify cloud
forecasts from both systems.

We tested the regionalized and single station cloud prediction equations
on independent data from the cool season of 1975-1976. The four-category
probability estimates were converted into single best category estimates
using an "inflation" technique. Specifically, each probability was ad-
justed using a statistically determined mean value and correlation co-
efficient for that particular station or region, category, and forecast
projection (see NWS, 1974b). We selected the category with the largest
adjusted probability as the categorical forecast. Forecast—-observed,
four-category contingency tables were then prepared. We computed per-
cents correct, skill scores, and bias-by-category (i.e., the number of
forecast's in a particular category divided by the number of observations
in that category) for each of the 40 test stations. The combined re-
sults are given in Table 1, while Figs. 2 and 3 show the percents correct
and skill scores for each station.

The percents correct and skill scores in Table 1 indicate that the region-
ized equation forecasts are slightly more accurate overall. In contrast,
the bias-by-category values favor the single station equation predictions
(i.e., each single station bias is closer to unity). Figs. 2 and 3 show
that there are primarily only small differences in the percents correct
and skill scores from the two systems on a station by station basis for
both the 12- and 24-hour forecasts.

In conjunction with this test, we also investigated the merits of using
new predictand categories to develop our single station cloud prediction
equations. Another set of equations was derived using three "inclusive"
predictand categories of clear (1), clear and scattered (2), and clear,
scattered, and broken (3). We hoped that these new equations would
contain predictors better suited to prediction of the more difficult to
forecast scattered and broken categories. The same 40 stations and
developmental data were used as in our regional versus single station
equation experiment.

We generated test forecasts from both these new inclusive predictand
equations and the traditional (single station) exclusive predictand
equations from our earlier verification. Once again, the test period was
the cool season of 1975-1976, and the two forecast projections were 12
and 24 hours from 0000 GMT.

All the three-category inclusive predictand forecasts had to be converted
by a straightforward subtraction technique into the usual four-category
probability estimates. Since correlation coefficients were not readily
available for these converted categories, the inflation transformation
was not used in determining the best categories. Instead, for each



system we selected the category with the highest probability as the

best category forecast. Although this transformation generally pro-

duces forecasts with undesirable bias characteristics, it does offer

a means for comparing the overall accuracy between the two forecast systems.
Table 2 gives the inclusive and exclusive predictand method verification
scores for all 40 stations combined.

The percents correct and skill scores shown in Table 2 are nearly equal
for both systems. However, while unacceptable from an operational
standpoint, the bias values for the exclusive predictand forecasts are
a little closer to unity.

In conclusion, these experiments demonstrate that cloud prediction equations
based-on either regionalized or inclusive predictand techniques can pro-
duce categorical predictions which are of the same overall accuracy as

those produced by our traditional cloud prediction equations. The
regionalized approach, which also provides for a greater degree of con-
sistency between TDL's cloud and ceiling forecasts, appears to offer the
most encouragement for use in future development of operational equations.

ACKNOWLEDGMENTS

We are grateful to John Neander of MATSCO/GE and Rich Crisci of TDL
for preparing the developmental data used in this study. We also
appreciate Anna Booth's assistance in drafting the figures shown here.

REFERENCES

Carter, G. M., J. R. Bocchieri, R. L. Crisci, and G. W. Hollenbaugh,
1976: Comparative verification of guidance and local aviation/
public weather forecasts—-no. 1. TDL Office Note 76-13, Tech-
niques Development Laboratory, Silver Spring, 32 pp.

Howcroft, J., and A. Desmaris, 1971: The limited area fine mesh (LFM)
model. NWS Tech. Proc. Bull., No. 67, 11 pp.

Klein; W. H., and H. R. Glahn, 1974: Forecasting local weather by
means of model output statistics. Bull. Am. Meteor. Soc., 35,
1217-1227.

National Weather Service, 1974a: The use of model output statistics for
predicting ceiling and visibility. NWS Tech. Proc. Bull., No. 120,
10 pp.

, 1974b: Cloud amount forecasts based on model output statistics
(MOS). NWS Tech. Proc. Bull., No. 124, 9 pp.




113

114

SL

Oq-EM-HKOOSN

23]

S8

66

S0t

o1t

St

NOILO3FOHd DHIVYDO3Y3LS ¥VI0d
N.09 'IV] 1Y 000°00$'ZZ I 3ITYOS 3NuL

NY3ENG H3HIVIM
30H3INWOD 40 IN3NLHYL3Q SN
1 1

L

06 001

GOﬁuuﬂkum pnoTo @ouepIn3d ATaee 3uTrlss] I10J SUOTIBIS (Qf pPue suordea TelusudoTaAdp au0-LJuam]

*suotlenba

*T 2an31g




s¢  OTEMMHOOSN g S8 06 56 001 ot ot st
\ 0 m/. e | | 34008 TINS 3WODS TIINS
Q o—9 Svo8s, B Y 1034¥00 LN3OH¥3d LO3HHOD LNIOHd
S = SoNge N NOILVLS J1ONIS d3ZINOI93Y
¥ (@ e ey bGT bG e | 7300N ONIL10Td sz
B0 R
P Y R S v’
Yoo ¢ | 29%cs e
T oy ociett ! N :
A ) I
o€ mm mm,/./ c90g9°° mm_ ’ | S=- \ .
S ] | [ eeer [ 88 s
— mm.emmu\ Ste8Y K ! [ { e1®% !/ eL%18 Mw%_ww
.rh .V@ mm.l . x‘\bllo!'l.ntlll'l!n’l.o'lo 0 ' \.
7 W IR et S G
7 o¥.c¢ 2 : T~ S
mo&.m mv_om.v g¢" ge* " NI ~e— .?..\/..
S 99%2 89 e LE ] y \ &g
s€ * ‘r--.lt_,. TTF—-, 8g%9 / \ v 12919 -
o ] by s
e S . T ey \
wm, 88 < eres% [T~ d szrze 5905 N\ ey
A\ k. e / 16955 / \ 8%
o R B - 7
gerest U\, H ; 96%¢ / g /
L6709 H { / -
or _ ; ﬂv‘llll.c . ~
¢

114

NOILJ3FOUd JIHIVHOO3Y3LS ¥YI0d
N.09 "IV1 1¥ 000°00$'ZZ I ITYOS INHL

NY3HNG HIHLY3IM
IOUINWOD 40 LNINLYYLIQ S'N
1 1 J.
06 001 ott (43
*senbtuyo9]

szt

ot

otl

*z 2an81g

UoT3IelS S9T3UTIS pue PIZI[BUOTIZSI UO POSBq JUNOWE PNOTD JO SUOTIDIPaxd Inoy-zT I0F 9/6T
yoaey ys3noiyl ¢/eT 1290300 SUTINP SUOTIBIS °*S°[] Oy A0J S91008 TTINS PUB 1091100 SIUDDIDG



g, OT-EM"WKRODSN 06 56 001 <01 ot 11 i
A\ ‘0 /o/ 3402S T1IMS ° 3JH02S TIINS
g .. Y 1934400 LN30¥3Id L1034¥0J LN3OH3d
O
- F\ czled I mN.u NOILVLS 3FTONIS @3ZINOI93Y
P o, es \ " 7300N 9NIL1O1d b
oL WA OY LY 1747 <177
m,m..omm/\_/\..*_ ¥
) \ .
' : N Le .mN
| gges
1 oS
w ~u . P“( =\ .))lo,
o¢ PE®HE N A Y 4 ; 1
L. 1wy TE 8e" [ ﬂ. ;
% 26%¢co gGe G . i—--—- gy — l.__.
/: \\\\\\\\t‘\ . .- OOI\vt
T fosos Lt :
- s\ (N \\I \ _m‘fﬂm .vm ‘mm mN. mN.
VA SO N 98NS Jpe;
. LA S B Wil v oo
PSY e e \ Yo 1 i
ssovs < 7Y \ FEvE D 62" 92 -
_ : e mmﬁm.b 6v®.
mm.ﬁwm. _ \Nm.tmm. /r ..... ; ,--’--L
g6, "9G _.-82 12296 66 .. ]
_mﬁ\mm. N Wn.ml_m _N. |¢ /f '
15005 45, 4\ 1t 9s : {
OC9SE s \ ! A
oy v. L - - M " - o
TP N TR
Y _m)_w ~, \ )
\ [~ 7 . A ,. |
| S .
72 \ - er@reiglm
A N o “Sree®e |
. Il/ll
v D .
‘ «’ i — NOILO3rOYd DIHAVHDO03NILS ¥VIOd ) mvw_
‘N-09 1V 1V 000°005°2Z 1 3TVOS 3NuL .
\ NV3HNE ¥IHLVIM ;
A uozud_zoo 40 »1u2»¢<muo 's'n m
09 9 oz 08 06 oot o1t 02l g2l 3 M
*junowre pnold JO SUOTIDTpaid Inoy-yz 10J 1dedxe 7 °3T4 Se swes °¢ 9In3Tj



(£602) (69L) (926) (05%2)

6629 Z€°0 5 60°T 76°0 06°0 S0°'T uorieas IT3urs . vz
S€°0 X9 €ET°T SL°0 %8°0 0T°T pazTTBUOT3RY
(£69T) (8L6) (%921) (70€2)
8£29 9°0 6S €0°'T L8°0 $8°0 L0°T uoT3IE3S ITZUTS ZT
z7°0 19 90°T 09°0 SL*0 i pozTTEuUOTSaY

——— i

: . zmS,&B (830 ‘ox)[("5q0 ‘oN)f ('890 ‘ON) . s
§35W) mmou_w L0y | helyd fedyd L2 A T WD 1Sy)3u0d (SHNOK)

20 'O | TINS | LN0YEd 580 'ON/IS)H ‘oN - syig .| 302A - M H0IIOERON

*senbTuyoel uoTiels 913UIS pue pazZITBUOIZSI
U0 poSBQ (3ISBOISAO pUE ‘USNOIq ‘PaIdlIEIS ‘IBOTD) IUNOWE PnOTd JO SITI0893BD INOJ 3JO SUOTIDTPaid
10J 9/6T YoIBR ySnoiyl /6T 12qo3dQ SUTINP SUOTIBIS °S§°[] Oy 10JF SII0DS UOTIBITITISA pauUTquo) T STqEL



ﬁ
(£602) (69L) (926) (0S%2) . ,
6£29 ©9E°0 €5 A rA L5°0 UYAR © 9ATSNTOXT vz
A g 0€°'T 940 §5°0 872 %1 9ATSNTOUT :
" (€69T) (8L6) (#9Z1T) | (%0€2)

c €90 29 EE* 1 T€°0 S°0 12°1 9ATSNTOXT o5

8ez9 €%°0 €9 12°T €2°0 970 €71 SATSNTOUT
‘ M : (*SG0 *oN) (890 "oa)("Lq0 *eN mﬂﬁo “ON)

SIOYD | BOS L LoD | bel¥) JSUW) [ 2 W0 | T4 (SHACH)
. - : | ih Con N m v\h.m ' » m——
=0 ‘0N TAS | LN30Ead S0 ‘ON/LSI4 'ON -~ SYIE .« Wd SLAS o) RN

o ' . i i

*sonbtuyos] pueloIpaid SATSNTOXD PUB DAISNTOUT UO paseq 3dodxe T 9TqeL Se aueg °7 STqeL



